The speech production system is capable of conveying an abundance of information with regards to sentence text, speaker identity, prosodics, as well as emotion and speaker stress. In an effort to better understand the mechanism of human voice communication, researchers have attempted to determine reliable acoustic indicators of stress using such speech production features as fundamental frequency (F0), intensity, spectral tilt, the distribution of spectral energy, and others. Their findings indicate that more work is necessary to propose a general solution. In this study, we hypothesize that speech consists of a linear and nonlinear component, and that the nonlinear component changes markedly between normal and stressed speech. To quantify the changes between normal and stressed speech, a classification procedure was developed based on the nonlinear Teaget Energy operator. The Teaget Energy operator provides an indirect means of evaluating the nonlinear component of speech. The system was tested using VC and CVC utterances from native speakers of English across the following speaking styles; neutral, loud, angry, Lombard effect, and clear. Results of the system evaluation show that loud and angry speech can be differentiated from neutral speech, while clear speech is more difficult to differentiate. Results also show that reliable classification of Lombard effect speech is possible, but system performance varies across speakers.
).] The areas of speech under stress included various talking styles (slow, fast, soft, loud, angry, clear, question), tracking workload stress inducing tasks, speech spoken in noise, and subject motion-fear tasks. These studies were performed on five factors of speech production that include pitch, glottal source, intensity, duration, and spectral features.
Well over 200 features were considered across simulated and actual stress conditions. Results showed that such features as glottal source spectral slope to be significantly different under loud, angry, and Lombard effect speaking conditions. Individual phoneme duration varies significantly under clear, angry, and loud conditions. Formant structure was shown to vary significantly for a number of stressed speaking conditions. Table I summarizes selected speech production features from previous studies (Hansen, 1988) for the five speech conditions (neutral and four stressed speaking styles) used in this study. Features that are different from neutral in a statistically significant manner are appropriately marked.
The results show that when a speaker produces speech under stressed conditions, a variety of production domains are used to indicate the presence of stress. These studies showed that though certain production domains are traditionally modified when a speaker is under stress, not all speakers exhibit the same level of production variation for a given stressed speaking condition. In addition to the five reasons listed above, there is another potential explanation for the inconclusiveness of past acoustic studies. In the speech production process, there is a net airflow through the glottis. The linear acoustic model of speech production says that this flow only causes sound when forced through a constriction (i.e., fricative production). However, if the propagation of the glottal flow through the vocal tract created vortices of air in the region of the false vocal folds, sound could be actively produced from a source other than the glottis. This phenomena of sound creation by vortex action is nonlinear and cannot be measured by any of the techniques employed to date. Teager (Teager and Teager, gives the formulation and motivation of the Teaget Energy operator.
I. TEAGER ENERGY OPERATOR
The Teaget Energy operator, which provides a measure of the energy of a speech signal, was motivated by experiments in speech and hearing by Teaget and Teager (1980 , 1981 , 1983b McGowan, using principles of fluid mechanics, showed that vortices exist. He also showed that the vortices are capable of actively producing sound.
Teager developed an energy measurement motivated by his speech research and some experiments in hearing to find evidence of speech modulation patterns. J. first documented the form of the energy operator as follows,
where •{,} is the Teaget Energy operator, and x(n) is the sampled speech signal. The Teaget Energy operator has been shown to contain significant cross-terms when applied to multicomponent signals . Therefore, to determine the Teaget Energy profile for a single component of a multicomponent signal, the other components of the signal must be filtered out. For speech, this means that a bandpass filter must be applied to a formant to remove the influence of the other formants. When applied to a single formant, the output of the operator has shown multiple excitation pulses within a pitch period (Maragos et al., 1991; Teaget and Teaget, 1990). Teaget has suggested that the multiple excitation pulses represent evidence of a nonlinear speech production phenomena (Teaget and Teaget, 1990) .
In this study, it is suggested that speech production consists of both linear and nonlinear components. In other words, speech is a combination of linear acoustic production, and sound generated by vortex action [McGowan (1988) makes a similar argument]. It is further hypothesized that the nonlinear component changes appreciably between normal and stressed speech. To quantify the changes between neutral and stressed speech, the Teaget Energy operator was used. As a result of speech production experiments, Teaget suggested that the flow in the vocal tract switches walls at the first formant frequency. Since the nonlinear component of speech arises from this flow, the proposed system extracts the first formant over an entire voiced speech segment. In an effort to eliminate the effect of variable pitch on the results, an analysis frame that is pitch synchronous is used, and frame duration is normalized using the Mellin Transform. The following section describes the proposed nonlinear normal/stressed classification system.
II. CLASSIFICATION SYSTEM
The system developed for the normal/stressed speech classification task is shown in Fig. 2 . As can be seen, there are four main processing steps. When an utterance is presented to the system, two assumptions are made: (1) the system knows the text of the word spoken, and (2) 
where f(e •) is the signal 1o be transformed (i.e., the Teager Energy profile). Equation ( 
where f(n) is the Teager Energy profile for a given analysis window at sample n, N is the length of the analysis window, and G(to) is the Mellin Transform coefficient at frequency to.
This form of the Mellin Transform is called the Direct Mellin
Transform (DMT). Taking the magnitude of both sides of Eq. this experiment is to determine whether the change in the Teaget Energy profile can be used to classify speech as neutral or stressed for a given speaker.
IV. DISCUSSION
The results of the classification evaluations are shown in Table II More research is required to resolve which of the above explanations is the correct one. 
